The aim of this research was to estimate waste amount and determine distinctive features and household waste flow in the city of Ulaanbaatar, Mongolia based on site and questionnaire surveys. Recyclables amount to be sold, daily burnt waste, illegal waste, and municipal waste flow were estimated via public surveys and interviews with citizens.
BACKGROUND
According to statistics for the last three years, the population of the city of Ulaanbaatar, the capital city of Mongolia, increased by 3% between 2012 and 2014. Although Ulaanbaatar city occupies only 0.3% of the total land area of Mongolia, as of 2014 1,300,000 citizens live in the city, which is 43.9% of the total population. This progress of civilization has resulted in vast changes by increasing environmental pollution and expanding the traditional tent-"ger" area. Unfortunately, only 40% of citizens are living in modern apartments with central pure water and heating systems. While the majority of ger residents are poor, living standards vary, with some earning a decent income but still unable to afford the high prices of new apartments elsewhere in the city 1) . As the living style and socioeconomic situation of the citizens change, the volume of municipal waste and waste types are increased. As these problems dramatically increase, waste management solutions are desperately needed.
Mongolia has changeable climate, with big temperature differences between summer and winter. The winters are especially long and cold, starting in October and ending in March. In this season, the ger households burn coal in their ovens during this long winter, resulting in a huge ash waste generation which is one of the causes of environmental pollution in the city 2) . It is difficult for collection entities to get to ger areas on time.
As indicated in the 2012 Annual report of Ulaanbaatar city, 880.2-1,237.2 tons of waste being produced in Ulaanbaatar City every day, 89.5-92.2% of which was transported to dump sites without being classified and buried immediately using the landfill method. Only 3.2% of the total waste went to recycling facilities and the remaining amount was waste that was thrown out into the surrounding environment illegally 3) .
In Ulaanbaatar, 173 trucks are used for solid waste transportation but over 30 percent of them are old and outdated 4) . Especially in remote sites, formal garbage collection is infrequent and unpredictable. Therefore, residents dispose of most household waste themselves-usually by dumping it outside their houses, on hills, in yards, and alongside roads and waterways 5) . Recently, 23 small and medium sized recycling plants are in operation where metals, paper, glass and plastic waste products are processed. There is no legal regulation to sort waste. In this reason, about 15,000 waste dealers collect recyclable waste products and transfer to the 196 waste agents. There are three large-sized and vast numbers of small-sized dumps have emerged in the city. This has led to many environmental problems such as water and soil pollution. Large amounts of waste are transported to landfill without sorting.
Nevertheless, there are no incentives to integrate these sectors into the municipal solid waste management system, thus creating more job opportunities, as well as recovering a greater volume of recyclable materials through effective cooperation, benefitting overall sustainability 6)
. The current system of waste management in Mongolia is still under-developed and is in dire need of immediate attention and improvement, especially in Ulaanbaatar 6) . Improving solid waste management in the ger areas therefore will requires a holistic approach involving governance reforms, the addressing of technological and infrastructural challenges, and promotion of behavioral change 1) . Governmental subsidies are insufficient, making the municipal solid waste management system solely dependent on waste collection fees from citizens. However, according to the Ulaanbaatar statistics, as of 2013, 95% of apartment households, 60% of enterprises, and only 40% of ger households paid their waste fee 2) . Consequently, the financial situation is the key part that needs to be secured in order to maintain waste service provision to the socioeconomically vulnerable ger areas. Waste collection fees are not very high in ger and apartment areas because of their low income and scarce social education, which causes many problems for authorities handling the huge amount of waste on a tight budget 4) . The new regulation, developed jointly by the mayor's office and the Foundation, sets minimum service standards, creates stronger monitoring and evaluation systems, and requires new contracts with all solid waste companies based on rigorous performance reviews. The new standards and incentives are expected to result in reduced illegal dumping, cleaner communities, and more effective and dependable solid waste service for ger area households, including those in areas that are inaccessible by truck 7) . Within the framework of cooperation with developed countries and International financial organizations such as JICA, KOICA and ADB, several projects were implemented for classifying wastes, re-using waste, transporting wastes to the landfill, establishing new dump site etc. and trained citizens how to classify waste. According to the JICA Master plan up to 2020, one subdistrict was selected as "Model subdistrict". The waste generated by the ger and apartments in the subdistrict were sorted and waste amount per ciizen and types were identified in winter and summer 8) . Based on the Master plan, Kevin Roy et. al determined amount and types of waste in the city 2) . Using result of the study, energy of burning waste and metan gaz in landfill sites were estimated up to 2020. D.Altantuya et.al studied about solid waste management of Ulaanbaatar city by analyzing its current situation, major challenges as well as concerning implemented actions based on the researches of international joint projects. The main goal of this analysis is to identify the complex problems facing with the city administration to handle the solid waste properly while seeking possible solutions to make recommendations for further improvement of waste management 4) . B.Bolorchimeg et. al analyzed Solid waste management of the Ulaanbaatar city from sustainability perpective that help determine critical points for further development. They conducted research in terms of social issue. Comparative analysis were done for determining the strengths and weaknesses of the city compared with other cities in the world. Solid waste management strenths and weakness of the city and the causes were examined 2) . To design a solid waste management plan properly, the first step consists of defining the waste generation and features of the city 9) . Due to the rapid growth of the city, industrialization and social economic situation, the types and amount of municipal waste generated by households is also changed. In some cases, especially in remote sites, formal garbage collection is infrequent and unpredicta-ble; residents dispose of most household waste themselvesusually by dumping it outside their hous-es, on hills, in yards, and alongside roads and waterways 10) . Therefore, it is needed to study more about waste flow in Ulaanbaatar city in order to find efficient and proper way to develop waste management in the city.
RESEARCH OBJECTIVES
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The aim of this research is to analyze and estimate household waste flow based on the results of surveys and interviews used to gather information on municipal solid waste generation and its distinctive features.
The author also aimed at determining waste flow based on the questionnaire survey and interviews, and estimating amount of all types of easte generated by households in the city to improve the waste management system in the city.
METHODOLOGY
The study was carried out based on the three methods for estimating as shown in Table 1 . The purpose of the questionnaire survey was to collect data about solid waste from the selected households.
a) Identification of waste amounts of households
Based on the average amount and distinctive features of daily wastes generated by apartment and ger households derived from the surveys , waste flow was identified as following way: The residents were trained how to report for classifying waste and questionare form and weighing scale were distributed to 18 households. The study based on that each household classified their waste and measured each types of waste separately and reported. The households were each given the same instructions on how to keep and separate daily waste products generated in the households. Daily generated wastes of the 8 ger and 10 apartment households were sorted and the amount and types of the wastes were noted for two weeks.
b) Questionnaire survey for residents
The current municipal waste generation, including recyclables and burnt and illegal waste, was identified for Ulaanbaatar using collected data. The questionnaire survey which has was conducted among 404 residents. 77% out of participants of the survey live in ger area and another 23% live in apartments. 404 residents attended the survey including 3 university students (homework and discussion with their family) and employees of shopping сenters. Participants age, household income, the number of family members are obtained by the questionnaire survey as listed Table 2 . As seen in Table 3 , The questionnaire survey was some question such as, sorting out the trash every day, frequency of waste transportation and collection for household in month. 
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The author have studied that whether each household classify produced waste and frequency of illegal damping for each household. Also whether frequency of collection and transportation is good enough, the reason of not paying waste transportation fee and huge illegal dumping were studied. The households were asked about food and municipal waste amount produced in each season separately. c) Interviews of industrial sites and companies. 10 enterprises were interviewed including companies working in landfill site, waste transportation company, recycling plant, restaurant, kinder garden, super markets and small and medium sized food processing plant. As well as current problems on recycling management and environment pollution were identified by the same interviews.
In order to approach real value of waste representing all households, we used statistical method based on the result derived from the data of 8 and 10 households. Based on the estimated amount and types of waste for a household and questionnaire result of 404 residents, the waste flow of households was further determined. Impressions of seasonal dependence of current waste management procedures in the city and key issues, such as waste transportation system, recycling management, environmental pollution and identification of waste features were also collected.
ANALYSIS AND RESULTS (1) Estimation of the waste amount and types of households
Depending on lifestyle in both the apartments and gers, amounts and types of wastes are different between summer and winter. To estimate the amount of waste generated by a household per day, the average waste amount generated by the 8 ger and 10 apartment households were analyzed together with the types of wastes of the households during the two-week period. Based on the data collected for the sites in Ulaanbaatar, household daily waste amount, distinctive features, and waste flow were determined. The households' (ger and appartment) daily produced waste in summer and winter were extrapolated from the questionaire survey wich was completed by the residents and households to determine classification of waste, assumption of average amount of waste both winter and summer, daily consumption of food and other consumption. As well as waste flow of household waste was determined.
1.665 kg/day of municipal waste product was generated from an apartment household as listed in Table 4 . Taking into consideration the total amount of waste generated in a day, 212.4 tons of waste was generated by apartment households in both winter and summer.
As seen in Table 5 , Daily waste amount of ger household was increased due to some kinds of wastes such as coal ash, in winter as shown in Table 4 , 0.97 kg and 6.3 kg of waste were generated from the ger household per day in summer and winter, respectively. Ger households generated 183.1 tons of waste in summer and 1,197.1 tons of waste in winter, which is approximately six times more than in apartment areas or in ger households in summer. In the result, The amount of waste of ger households was 6 times more than that of apartment households in winter, but waste fees for each did not differ much. 
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Therefore, if coal ash is recycled, the total waste amount transported to landfills could be 6 times smaller. Although the study was conducted during summer season (September), the results of questionnaire shows that there is no big difference households, because of and winter in terms of daily production using coal for their heating winter season, between summer consumption. But for ger food only coal ash was added to daily waste production that are produced in summer time.
(2)Food waste generation
The method used for calculating 18 households' daily generated waste amount was considered to estimate food waste. Food waste amount of apartment households occupies 85% of total amount of generated waste and 59.2% for ger households. In connection with the life style, livestock bone occupies large amount in food garbage. Therefore, during burning process of waste in the households, livestock bone occupies 4% of all burnt waste amount. And bone is 6% of all illegal waste amount according to the result of the study.
As seen from the survey result, total income and level of consumption are not so different between ger and apartment households, daily waste product amount is different from each other. For example, amount of waste generated by apartment households is higher than the waste by ger households. The reason is that, each ger household have a dog for protecting their assets and they feed them with food waste such as bone etc.
(3) Coal Ash
The questionnaire result shows that because of long winter period in Mongolia, the ger house holds need to burn coal from October to March for heating.It also indicate that coal is burnt only in night time in October (beginning of cold season) and February (falling cold season). Medium amount of coal is used in November and February while large amount of coal is burnt in December and January which is the coldest time in Mongolia. The maximum amount of coal ash (average 8-10 kg/day) was generated in December and January (Fig.1) . The survey participants also noted that in the other winter months (October, November, February, and March), 2-5 kg/day of coal ash waste was generated. Only 5% of the total participants expressed that 12-20 kg/day of coal ash waste was generated by their households.
Based on the survey reply (Table 2) , it is estimated that an average of 5.35 kg/day of coal ash is generated by each ger household per day during the six months of winter, which occupies 84.71% of the total waste amount.
(4) Other types of wastes
The reason for the increase of many types of waste products is that the number of consumer products also has been increasing in recent years. For example, as of 2011, imported goods increased compared to those for the previous year, including chemical substances by 8.9%, office accessories and consumer electric goods by 28.6%, car used accumulator, and tire by 28.1%, and used vehicles and machines by 71.8%. As for the other types of waste that are not generated every day, according to the survey result, used tires and old consumer electric goods were generated once or twice a year, whereas old furniture and construction waste were generated only 2-3 times a year.
Although there is a local standard for measuring pollution from industrial solid and liquid wastes in the environment in Ulaanbaatar, a standard for household waste still does not exist (construction and hazardous waste were not considered in this study).
(5) Recyclables
As listed on the Table 4 and Table 5 , in the survey result, total recyclables are generated 16ton/day in total by all apartment, 26.4ton/day in all ger household. Because total number of ger household is more than apartment. There is big difference between ger and apartment in terms of recyclables. Total amount of the recyclables I_205 generated by ger households is much more than that in apartment households, because of the following reasons: As listed in Table 2 earlier, the average, number of family members of ger households is 5.26 while average of 4.32 person in apartment, as well as the total number of ger households are 61,939 more than that in apartments.
As shown in Fig.2 , plastic waste (1.3 ton/day) is generated by apartment household while ger households 6.8 ton/day of plastic waste was generated totally. The reason why more amount of plastics are generated by ger household is that there is big difference between ger and apartment life style.
Each ger households have their large enough own fencing, therefore they can keep plastics specially used recyclables and for selling later. On the other hand, ger residents use big plastic sacks for containing consumer goods, coal etc. in their fencing, therefore big amount of plastic sacks are generated in winter season.
WASTE FLOW OF HOUSEHOLDS
In consideration of the questionnaire survey of the 404 residents, household waste flows, such as selling of recyclables, burning daily municipal waste, and whether they throw away their waste in the environment, were determined. Based on this information, by multiplying the percentage from the survey results by the daily household waste amount, the sold, burnt, and illegal waste amount were obtained. In order to determine waste flow of households, we analysed the survey result (waste classification and measurent) using simple statistical method together with the survey result by 404 residents. The waste flow seemed to be identified by the illegal dumping history information of households and the reason of illegal dumping completed by survey were analysed in comparison with daily waste amount.
Based on this calculation, the amount of sold recyclables, backyard waste and illegal waste were estimated as indicated in Table 7 ,8,9.
(1) Amount of sold recyclables In order to extrapolate the amount of the recyclable waste generated by each household, based on the daily amount of each household gathered by the 404 survey participants.
Considering the amount of daily waste is 100%, the amount of recyclable waste products sold is calculated in the following way, the percentage of household who sold the recyclable waste product is multiplied by the daily amount and divided by 100. The percentage of the households and what types of the recyclable wastes were sold are estimated based on the questionnaire survey completed by 404 households. From the questionnaire survey, it can be stated that 66% of ger households sell their recyclable waste while 45% of apartment households sell the recyclable wastes.
As listed in Table 7 , 3% of ashes out of daily waste and 30.42 tons of ashes are sold out of total ger households (189,535). Currently, although there is no any large ash treatment plant, some small facilities are working in the city for producing fencing blocks.
The Ulaanbaatar city goverment has to research possibility to recycle and reuse the ashes from house regions actively.
Also the office can search possibilities, to make construction materials in light concrete industries by using material industries. Some researches for reusing ashes, which are from power stations, are made for appropriate versions of reprocessing, especially for ger area. The most important problem for making construction materials using ashes is that there are under-burnt coals in ashes. Ashes consist of many kind substances and are mixed with other solid wastes. This is a problem for reusing ashes from ger area. There is not ash waste reprocessing industry except the industries of plastics and toilet paper in Ulaanbaatar city.
For apartment households, wastes are thrown into garbage bins shared among 3-5 apartments. The scavengers pick the recyclable waste products from 
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the bins and sell them. In Ulaanbaatar, there are several recyclable waste collection places but most of the recyclable waste products are collected in the area of landfills such as "Narangiin enger," "Ulaanchuluut," and "Moringiin davaa." It has been estimated that 400-500 scavengers collect in these areas.
(2) Backyard waste amount According to the survey results, shown in Table 8 , 19% of ger households burn their waste, with 48% burning only paper wastes, 15% burning only plastic garbage, and 5% burning food wastes such as vegetable peels, bone etc. In Ulaanbaatar, in some cases, the wastes are still burnt outside illegally.
As seen from the survey results, every day, 2.63 tons of waste, such as PET bottles (0.16 ton/day), plastics (1.02 ton/day), and used tires (1.45 ton/day) that contain toxic chemicals, are incinerated, thus polluting the environment and those are harmful to human health.(see Table8).
(3) Illegal waste amount
As shown from the results of the survey, illegal wastes are relatively huge compared to daily waste products. Illegal waste thrown away in ger district occupies 40%, apartments area 27% and 24% thrown away to the environment. Particularly, it can be seen that depending on lifestyle in ger households, coal ash is generated much more in winter and, in some cases, thrown away illegally. This results in environmental pollution. In winter, due to the increase of soil ash, the amount of total waste increases. Illegal waste was 7.2 times more prevalent than recyclable waste, which results in increasing pollution up to 15.3 tons. As listed in Table 9 , the most interesting result is supposed to be coal ash that generated by ger household (121.68 ton/day). The result also shows that there are big amount of illegal waste generated by apartment area (29.81ton/day), the reason is that the apartments share one disposal storage among several apartment, and before coming waste transportation truck, the waste could be spread out. Totally 212.6 tons of waste is generated by the apartment households per day both in winter and summer. Illegal waste (61.2) is still high in apartment area as listed in Table 10 . Many scavengers take some unsorted recyclables from the disposal storage and throw away other remained waste.
(4) Estimation of household waste flow
The apartment and ger households' waste flow is shown in Table 10 and Table 11 respectively. Daily waste flow was identified for apartment and ger households. The waste amount of apartment households was 212.4 ton/day in summer, whereas that of ger households was 183.1 ton/day, which is 29.3 tons less than that of apartment households.
The apartment households sell their recyclables three times less than ger households do in summer. Ger households do not incinerate their waste in summer and apartment households do not incinerate waste at all. The daily amount of waste generated by all ger households was 5.6 times more that of apartment households in winter, with sold recyclables 25.6 times more and amount of illegal waste 2.7 times more. The reason is that ger households generate large amounts of ash in winter. In winter, 122 tons of coal 
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ashes and 30 tons of other types of waste are illegally thrown away. As listed Table 11 , ger households generate 1,197 ton waste a day, unfortunately 981.1 tons of waste is transported to landfills that is almost 82% of all generated waste a day. Currently, three major dumpsites exist in Ulaanbaatar, where waste is buried without any sorting. In fact, scavengers and recyclable waste dealers collect recyclable from traditional waste bins put in apartment areas; unfortunately, it is not possible to measure that amount.
CONCLUSION
The daily waste type and amount depends on lifestyle differences between ger and apartment households. Daily waste amount of ger household was increased due to some kinds of wastes such as coal ash, in winter. 0.966 kg and 6.966 kg of waste were generated from the ger household per day in summer and winter, respectively.
Although the study was conducted during summer season(September), the results of questionnaire shows that there is no big difference between summer and winter in terms of daily food production consumption. For ger households, because of using coal for their heating winter season, only coal ash was added to daily waste production that are produced in summer time.
Coal ash is generated by each ger household per day during the six months of winter, which occupies 84.71% of the total waste amount. If coal ash is recycled, the total waste amount transported to landfills could be 6.5 times smaller.
Every day, 2.63 tons of waste, such as pet bottles, plastics, and used tires that contain toxic chemicals, are incinerated, thus polluting the environment.
Although municipal solid waste management in Ulaanbaatar has improved significantly, some major problems remain.
To meet the requirement of citizens' health standards, a complete system for collecting, transporting, and disinfection of solid and liquid waste needs to be developed.
Shortage of waste sorting system has led to many environmental problems such as water pollution, soil contamination, and air pollution.
In the future, other kinds of waste such as liquid, organic, and hazardous wastes should be studied in the city. 
